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Increased pentane and carbon disulfide in the
breath of patients with schizophrenia

M Phillips, M Sabas, J Greenberg

Abstract

Aims—To determine the concentrations
of pentane (a marker of lipid peroxida-
tion) and other volatile organic com-
pounds in the breath of patients with
schizophrenia.

Methods—Volatile organic compounds were
assayed by gas chromatography/mass
spectroscopy (GC/MS) in 88 subjects—25
with acute schizophrenic psychosis, 26
with psychiatric disorders other than
schizophrenia, and 37 normal volunteers.
Results—The mean alveolar gradients of
pentane and carbon disulfide (CS,) were
significantly higher in the patients with
schizophrenia than in the control groups.
Conclusions—Schizophrenia may be
accompanied by accelerated lipid peroxi-
dation in cell membranes, as well as
increased manufacture of CS,, a known
neurotoxin.

(¥ Clin Pathol 1993;46:861-864)

Schizophrenia is a common and devastating
psychotic illness: it affects nearly 1% of the
population of all cultures, and often culmi-
nates in severe disability and premature
death.!? The aetiology of schizophrenia is still
unknown, and researchers have used many
different investigative techniques to deter-
mine a biochemical basis for the disordered
cognition and behaviour that characterise the
disease. Kovaleva er al assayed the breath of
acutely psychotic schizophrenic patients and
found raised concentrations of pentane which
varied with the clinical severity of the condi-
tion, then rapidly returned to normal during a
course of treatment.3*4

Alkanes in the breath (principally ethane

Table 1 Diagnostic categories of non-schizophrenic psychiatric disorders

DSM-III-R

Category Diagnosis No of subjects

296-3 Major depression, recurrent unspecified 5

296-33 Major depression, recurrent, severe, 4
without psychotic features

296-44 Bipolar disorder, manic, with psychotic features 3

29653 Bipolar disorder, depressed, severe, without 1
psychotic features

296-54 Bipolar disorder, depressed, with psychotic 1
features

296-62 Bipolar disorder, mixed, moderate 1

300-40 Dysthymic 1

305-00 Alcohol abuse 3

309-00 Adjustment disorder with depressed mood 4

311-00 Depressive disorder not elsewhere classified Total 23

otal 6

and pentane) result from cellular injuries
which cause an intracellular accumulation of
oxygen free radicals and accelerated peroxi-
dation of polyunsaturated fatty acids.’® The
peroxidation of lipids may result in mem-
brane injury, with dysfunction and death of
the affected cells. Raised alkane concentra-
tions in the breath have been reported in
patients with a number of conditions, includ-
ing acute myocardial infarction,” rheumatoid
arthritis,® and nutritional deficiencies of vita-
min E.° The toxic effects of oxygen free radi-
cals may represent the final common pathway
of several different pathogenic agents, includ-
ing chemical toxicity, inflammation, and
ischaemia.

Methods
The method for collection of volatile organic
compounds has been described before.'® A
mobile apparatus was used which sampled 10
litres of alveolar breath over 5 minutes while
the donor was breathing in chemically puri-
fied air. The breath was drawn through a
stainless steel trap in which the volatile
organic compounds were captured by adsorp-
tion to activated carbon and molecular sieve.
The volatile organic compounds captured
from alveolar breath were thermally eluted
from the trap in a microprocessor controlled
automatic desorber, concentrated by two
stage cryofocusing at —150°C, then assayed
by gas chromatography and mass spec-
troscopy using an ion-trap detector. Each
volatile organic compound was identified by
its mass spectrum, quantified by area under
curve, and its alveolar gradient was deter-
mined (concentration in alveolar air minus
concentration in inspired air). Standard
curves for volatile organic compounds were
obtained using adsorptive traps loaded with
vapour standards prepared by the method of
Morris ez al.!!

Table 2 Characteristics of subjects

Normal Psychiatric ~ Patients with
controls controls schizophrenia
Number 37 26
Mean age (SD) 37-4 (9:0) 41-0 (10-0) 35-8 (12:3)
Sex (% males) 50 53-1 48
Race:
White 17 17 18
Black 2 4 3
Hispanic 11 5 3
Asian 7 0 1

No significant differences among the three groups were
observed.
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Figure 1 Alveolar
gradients of pentane. Solid
bar = group mean, error
bar = standard error of
mean.

Figure 2 Alveolar
gradients of carbon
disulfide. Solid bar

= group mean, error bar
= standard error of mean.
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Eighty eight volunteers were studied at St
Vincent’s Medical Center of Richmond and
Bayley Seton Hospital in Staten Island, New
York. Breath collections were performed
between 07 00 h—1100 h. Criteria for accep-
tance to the study included: (1) willingness to
cooperate with the breath collecting proce-
dure; (2) age between 18 and 70 years; and
(3) no known acute or chronic medical ill-

Table 3  Effects of smoking and neuroleptic drugs on alveolar gradients of pentane and

Sz
Psychiatric Acutely psychotic
Normal controls controls schizophrenic patients
Smokers:
n= 11 17 12
pentane —10-90 (7-16) 11-55 (4:09) 37-27 (18-45)
Cs, —22:61 (9-49) ~-9-04 (3:90) 1174 (7-17)
Non-smokers:
n= 26 9 13
pentane —2-86 (3-58) 17-48 (10-63) 11-33 (3-86)
3 —23:57 (6-46) —8:61(8-18)  10-34 (14-12)
Neuroleptic drugs
n= 0 12 25
pentane 18-80 (7:37)  23-78 (8-31)
N —12-44 (5-99) 11-01 (8-10)
No neuroleptic drugs
n= 37 14 0
pentane - 525 (2:19) 9:15 (5-40)
Cs, —23-28 (5-34) —5-85 (4-72)

The mean concentration of pentane and CS, in each subgroup is shown, expressed in pmol/l,
with the standard error of the mean in parentheses. There were no significant differences
among the three groups between the smokers and the non-smokers, or between the psychiatric
controls treated or not treated with neuroleptic drugs.
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ness. All subjects gave their signed informed
consent to participate in this research, which
was approved by the institutional review
boards of both institutions.

A group of 37 normal volunteers was
drawn from the medical and nursing staff of
both institutions. None gave any history of
psychiatric illness.

Twenty six subjects were recruited from
the psychiatric inpatient units of both hospi-
tals. All had been diagnosed as having a psy-
chiatric illness other than schizophrenia by
DSM-III-R criteria (table 1).'?

Breath samples were collected from 25
subjects who had fulfilled DSM-III-R criteria
for the diagnosis of schizophrenia during pre-
vious hospital admissions. All had experi-
enced a recent acute psychotic exacerbation
that was sufficiently severe to require admis-
sion to a psychiatric unit, where they shared
the same environment and diet as the psychi-
atric controls. All had been treated with
neuroleptic drugs for at least 24 hours before
the breath collection.

Using multiple regression, the alveolar gra-
dient of each volatile organic compound was
treated as a dependent variable, and the diag-
nostic group (schizophrenic, normal, or psy-
chiatric controls) as the independent variable.
Where significant differences between groups
were observed, the effects of cigarette smok-
ing, race, neuroleptic drugs, sex and age were
evaluated as potential contributory factors
using multiple correlations. A subgroup of
treated patients with schizophrenia (n = 8)
was studied a second time before discharge;
the two assays were compared using
Student’s paired ¢ test.

Results

Breath samples were obtained from all sub-
jects without any adverse effects. Character-
istics of the three groups are shown in table 2;
no significant differences were observed in
the distribution of age or sex.

The alveolar gradients of five volatile
organic compounds in the breath were signifi-
cantly higher in the patients with schizo-
phrenia than in the controls: pentane
(p <0-005) (fig 1); carbon disulfide (CS,)
(p < 0-001) (fig 2); benzene, 2-methylbutane,
and tetrachloroethene (p < 0-05). Only CS,
was significantly increased when the patients
with schizophrenia were compared with the
psychiatric controls (p < 0-05). No significant
difference in the alveolar gradient of either
pentane or CS, was associated with tobacco
smoking, treatment with neuroleptic drugs
(table 3), or racial group. No significant
changes in any volatile organic compounds
were observed in the subjects with schizo-
phrenia who were studied a second time.

Discussion

Microanalysis of the breath opens a non-
invasive window on to the chemical compo-
sition of the blood. Volatile organic compounds
diffuse passively across the pulmonary
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alveolar membrane; like water running down
a hill, they flow rapidly from the compart-
ment with the higher vapour pressure to the
compartment where it is lower.!*> A positive
alveolar gradient is evidence that the vapour
pressure of a volatile organic compound is
higher in the venous blood than in the
inspired air, while a negative alveolar gradient
shows the opposite.

The mean alveolar gradient of pentane was
highest in the acutely psychotic schizophrenic
patients, a finding consistent with the study
by Kovaleva er al.>* The lack of a significant
difference between the schizophrenic patients
and the psychiatric controls may have been a
consequence of experimental design. We
studied schizophrenic patients who had been
treated with neuroleptic drugs for 24 hours or
longer, while Kovaleva ez al studied untreated
patients who may have been more acutely
psychotic with higher concentrations of pen-
tane in their breath.

In addition, the mean alveolar gradient of
CS, was positive in the patients with schizo-
phrenia and negative in the two control
groups. These observations indicate that the
vapour pressure of CS, in venous blood was
significantly increased in the schizophrenic
patients. This was an unexpected finding
which, to our knowledge, has not been
reported before. It is unlikely that the differ-
ences in breath CS, could have been due to
environment or diet, because the patients
with schizophrenia and the psychiatric con-
trols all resided in the same ward areas and
ate similar meals. Tobacco smoke and some
neuroleptic drugs (thioridazine and mesori-
dazine) contain sulfur, but neither signifi-
cantly affected the alveolar gradient of CS,.
Nor was breath CS, significantly affected by
age, sex, or racial group.

It has been known for more than 100 years
that industrial workers exposed to high levels
of CS, can develop acute toxicity with psychi-
atric manifestations, including acute psy-
chotic episodes with mania, rapid mood
changes, extreme irritability, uncontrollable
anger, and suicidal tendencies.!*'* Magos has
suggested that these toxic effects may be due
to the reaction of CS, with amines or thiols'4;
the resulting chelation of metals (mainly zinc
and copper) may inhibit the activity of
dopamine f hydroxylase and cause distur-
bances of cathecholamine metabolism.

The negative alveolar gradient of CS,
observed in the two control groups was con-
sistent with normal catabolism of CS,, which
can occur via several different pathways,
including conjugation with glutathione, for-
mation of dithiocarbamates, and by mono-
oxygenase catalysed generation of reactive
sulfur.!¢ Conversely, the positive alveolar gra-
dient observed in the patients with schizo-
phrenia indicated that more CS, had been
expired than inspired through the lungs. In
the absence of any apparent exposure to CS,
from other sources, this finding was consis-
tent with endogenous manufacture of CS,.

The origin of the endogenous CS, is still
unknown. One possible source is the large
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bowel, where volatile organic compounds
containing sulfur may be produced by the
metabolism of micro-organisms. The breath
of patients with advanced hepatic cirrhosis
and fetor hepaticus contains increased con-
centrations of such volatile organic com-
pounds, principally methyl mercaptan and
dimethyl sulfide.!”!® Porto-systemic shunts in
patients with cirrhosis have also been associ-
ated with increased breath concentrations of
short chain fatty acids originating in the large
bowel, principally acetic and propionic
acids.! The manufacture of pentane and CS,
in the large bowel merits further study as a
possible explanation for our observations.

The air inspired from the breath collecting
apparatus was partially but not completely
purified. Even with a large filtration bed of
activated carbon, it was not possible to
extract completely all traces of airborne
volatile organic compounds present in room
air in picomolar concentrations. In practice,
this did not present a serious problem,
because the level of volatile organic com-
pound background in the inspired air was
reduced to a fairly consistent low concentra-
tion which neither exhibited any significant
fluctuation during the course of the study,
nor between the three groups of human sub-
jects. The presence of these low yet consistent
background concentrations of pentane and
CS, was ultimately beneficial, because it
showed the presence of negative alveolar gra-
dients which would not have been observed
had the air been completely purified.

Neuroleptic drugs introduced an extrinsic
chemical source into this study which could
have affected the findings. It was not ethically
possible to withhold these drugs from the
patients with schizophrenia, who were admit-
ted as acute psychiatric emergencies. It prob-
ably also would not have been possible to
secure their cooperation for breath testing
without treatment. About half of the psychi-
atric control patients, however, were also
treated with neuroleptic drugs, and there
were no significant differences in either pen-
tane or CS, concentrations between the
treated and the untreated patients (table 3).
Consequently, drug treatment did not seem
to influence the findings.

In conclusion, patients with schizophrenia
exhibited increased production of CS,, a
known neurotoxin, and pentane, a marker of
lipid peroxidation. Further studies are
required to determine if these observations
were a consequence of the schizophrenic ill-
ness or some factor other than the disease
itself.

We thank Sheldon Blackman, PhD, for advice on the statisti-
cal analysis of data.

1 Cancro R. History and overview of schizophrenia. In:
Kaplan HI, Sadock BJ, eds. Comprehensive textbook of
psychiarry. 4th Edn. Baltimore: Williams and Williams,
1985:631-43.

2 Braff DL. Schizophrenic disorders. In: Braunwald E,
Isselbacher KJ, Petersdorf RG, et al, eds. Harrison’s
principles of internal medicine. 11th Edn. New York:
McGraw-Hill, 1987:2093-6.

3 Kovaleva ES, Orlov ON, Bogdanova ED, Beliaev BS.
Tsutsul’kovskaia MIA. Study of the processes of lipid
peroxidation in patients with endogenous psychoses



864

using gas chromatogtaphy Zh Nevropatol Psikhiatr
1989,89 99-103

4 Kovaleva ES, Orlov ON, Tsutsul’kovskaia MIA,
Vladimirova TV, Beliaev BS. Lipid peroxidation
processes in patients with schizophrenia. Zh Nevropatol
Psikiatr 1989;89:108-10.

5 Van Gossum A, Decuyper J. Breath alkanes as an index of
lipid peroxidation. Eur Respir ¥ 1989;2:787-91.

6 Hotz P, Hoet P, Lauwerys R, Buchet J-P. Development of
a method to monitor low molecular mass hydrocarbons
in exhaled breath of man: preliminary evaluation of its
interest for detecting a lipoperoxidation process in vivo.
Clin Chim Acta 1987;162:303-10.

7 Weitz ZW, Birnbaum AJ, Sobotka PA, Zarling EJ, Skosey
J. High breath pentane concentrations during acute
myocardial infarction. Lancer 1991;337:933-5.

8 Humad S, Zarling E, Clapper M, Skosey JL. Breath pen-
tane excretion as a marker of disease activity in rheuma-
toid arthritis. Free Rad Res Comms 1988;5:101-6.

9 Refat M, Moore TJ, Kazul M, Risby TH, Perman JA,
Schwarz KB. Utility of breath ethane as a noninvasive
biomarker of vitamin E status in children. Pediatric Res
1991;30:396—403.

10 Phillips M, Greenberg J. Ion-trap detection of volatile

organic compounds in alveolar breath. Clin Chem
1992;38:60—6.

11

12

13
14
15
16

17

18

19

Phillips, Sabas, Greenberg

Morris C, Berkley R, Bumgamer J. Preparation of multi-
component volatile organic standards using static dilu-
tion bottles. Analyt Letts 1983 16: 1585—93

APA. D ic and X ! of ! disord,
Third Edn. Washington, DC: American Psychlatnc
Association, 1987.

Phillips M. Breath tests in medicine. Scientific American
1992;267:74-9.

Magos L. Toxicity of carbon disulfide. Ann Occup Hyg
1972;15:303-9.

Davidson M, Feinleib M. Carbon disulfide poisoning: A
review. Am Heart ¥ 1972;83:100-14.

Beauchamp Jr RO, Bus JS, Popp JA, Boreiko C]J,
Goldberg L. A critical review of the literature on carbon
disulfide toxicity. CRC Cnit Rev Toxicol 1983;11:
169-278.

Kaji H, Hisamura M, Saito N, Murao M. Evaluation of
volaule sulfur compounds in the expired alveolar gas in
patients with liver cirrhosis. Clin Chim Acta 1978;
85:279-84.

Chen S, Zieve L, Mahadevan V. Mercaptans and
dimethyl sulfide in the breath of patients with cirrhosis
of the liver. ¥ Lab Clin Med 1970;75:628-35.

Chen S, Zieve L, Mahadevan V. Volatile fatty acids in the
breath of patients with cirrhosis of the liver. ¥ Lab Clin
Med 1970;75:622-7.




